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Two Photon Polarization Spectroscopy V. P. Kaftandjian Abstract. 2014 Dichroism and birefringence are studied for the case of a strong saturating laser and a linearly polarized weak probe laser interacting with a dilute gas. For linearly or circularly polarized saturating laser fields the optical analog of the Kerr or Faraday effect are obtained respectively. Two photon, Doppler-free polarization effects are studied for two and three level systems (J = 0 ~ J = 1 and J = 0 ~ J = 1 ~ J = 0). The [1, 2, 3] . These experiments are the optical analogs of the Kerr and Faraday effects in the more usual static electric or magnetic field studies. In this paper a unified theoretical investigation of these two photon polarization effects will be presented with a particular emphasis on the conditions which permit the elimination of Doppler broadening. ' In this article, since polarization and orientation effects are considered, for the J = 0 -&#x3E; J = 1 and the J = 0 -J = 1 -J = 0 transitions, the degenerate magnetic substates will not be ignored as is usually the case in saturation spectroscopy (where they can be made unimportant by a proper choice of levels and laser polarization). Many of the results to be obtained here, can be deduced of well known expressions already in the literature [4] . The physical content of these expressions will be discussed and the features particular to polarization spectroscopy emphasized. In addition a general method for calculating polarization effects will be presented. The anisotropy introduced into a system by an external field manifests itself on a plane polarized probe laser beam propagation.
If the extemal electric (magnetic) field is static, then this is the Kerr (Faraday) effect. If the extemal field is a plane (circularly) polarized monochromatic electromagnetic field propagating along the same axis as the probe beam, the effect is referred to as the optical Kerr (Faraday) effect [5, 6] .
In section 2 these optically induced anisotropies will be studied for the case when an intense laser field saturates either the transition in a two level system or one of the coupled transitions in a three level system.
In both cases, the saturated transition will involve a level with J = 1 so that the direction of polarization and the m substates of the transition will be important. [7] experiment are the real and imaginary part 8 and 4Y of the phase dillierence à which correspond respectively to birefringence and dichroism where Xll,_L z (nll,_L -1)/2 n is the electric susceptibility of the medium parallel or perpendicular to the saturating field polarization. The intensity of the elliptic probe field after passing through a polarizer is related [8] to 9 and 0 which are both related to the angle between the major axis of the ellipse and the Ox axis, and to the ellipticity of the field [9] .
If the saturating field is circularly polarized, the left and right circularly polarized components of probe laser (see Fig. 2 ) becomes dephased and the difference between left and right circular susceptibilities, XL -XR, occurs [10] in eqs. (1) and (2) Several experiments on the optical Kerr effect have been performed. Among the first of these were those using fixed frequency high power lasers tuned far from resonance so that radiative shifts are obtained [11, 12] . These studies, which were done as a function of the laser intensity, display very clearly the birefringence due to non-linear effects which could not be observed with the previous optical sources available.
Using tunable lasers more recent experiments have studied the optical Faraday effect in potassium and sodium [2, 13, 14] . This [3] in Ne and of Wieman and Hansch [1] [15] .
Although the polarization effects involved are singled out for emphasis here, all the usual features of two photon spectroscopy appear in the expressions obtained. Thus, the well-known level splitting produced by a strong field [16, 17] will also affect the optical birefringence and dichroism. In section 2 this effect will be studied through the optical Kerr figure 1 The magnitude of the probe field, E1, will be taken small enough so that it can be treated in first order perturbation theory. Both fields will be assumed to be quasi-resonant with the c -b transition so that the rotating wave approximation is valid. The relative direction of propagation of the two laser beams along the y axis will be distinguished by the parameter e which will be taken to be + 1 or -1 depending on whether they are co-or counterpropagating.
As can be seen from figure figure 5 for the copropagating case. The sharply peaked Autler In the counterpropagating case, illustrated in figure 8 [16] or the equivalent analytical method of ref. [23] .
For the counterpropagating case with a &#x3E; 1, the velocity average in eq. (9) can be performed analytically in the Doppler, weak saturation limit and yields, This case is illustrated in figure 12 with ~w2 = -10 and for three values of COD. The curves have been normalized to the same peak height so that they could be displayed together. The response for cvD = 0 is again seen to be the difference between the linear response Lorentzian of xl and the saturated response of X Il which is power shifted in addition to being power broadened, since here ~w2 is not zero. As úJD is increased, it can be seen that curve described by eq. (11) where the saturated absorption has been plotted. As in the two level case described in the previous section, the Autler The response from each of these transitions is described by eq. (9) . However, since the square of the dipole matrix element of the m = 2 -, m -1 transition is three times that of the m2 -, m 2 1 transition, the parameter p2 and the corresponding contribution must be multiplied by that factor. For the large detunings Ami, A(02 » y, COD used in the experiment of ref. [14] , the birefringence of eq. (9) reduces to, where, A; _ -03B22 / ~w is the a.c. Stark shift and 03B22
is the appropriate field coupling parameter for the ith transition.
For fixed values of the strong field amplitude and probe field detuning in figure 14 . The contribution from the three two photon transitions which pass through the 2p 1/2, 2P3/2(mb = i) and 2P3/2(mb = i) As mentioned above, the parameter 03B22 for the contribution in C is three times the 03B22 for the contribution in B so that this contribution is much larger and shifted away from the two photon resonance by a factor of three.
An interesting feature of eq. (12) is the behaviour of 8 versus the amplitude of the strong field, for fixed detunings. This was first studied experimentally in ref. [2] figure 15 where the upper curve, calculated for the same sign case shows the resonances clearly while the lower curve, for the opposite sign case approaches a saturation value. The experiment in ref. [2] was performed for the latter conditions and utilized field strengths corresponding to the linear part of that curve. Fig. 15. -Birefringence of the multilevel system as a function of the saturating field power for the two cases of detunings Acol, âW2 with the same signs and with opposite signs.
3. Discussion. -In the foregoing it has been seen that polarization spectroscopy is well adapted to the study of two photon line shapes. In particular, the occurrence of the split spectra, characteristic of saturation spectra, has been analysed as a function of the Doppler width parameter. The (Fig. 4) [18] and [19] .
The solution in the case where only two laser fields are considered has the form after j iteration, where, col and w2 are the frequencies of the probe and saturating lasers respectively and, 
